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Fetal growth restriction (FGR) is one of the most 
common causes of adverse perinatal outcomes , af-
fecting about 3-9% of all pregnancies.1 About 30% 
of preventable stillbirths are due to FGR.2 Diagnosing 
FGR is very important due to its coexistence of perina-
tal death, poor neurodevelopment, preterm delivery, and 
other long-term results.3,4 In the etiology of FGR, nulli-
parity, advanced maternal age, low body mass index 
(BMI) (<18.5 kg/m2), ethnicity, maternal consumption 
of alcohol or drug use of cocaine, heroin, and cigarette 
smoke, and teratogenic medication that affect fetal 
growth are defined.5-8 In addition, it has been shown that 
maternal malnutrition is responsible for 40% of the eti-
ology of FGR on a global scale.9 

FGR is defined as an estimated fetal weight (EFW) 
<10th percentile due to a pathologic process, meaning 
that the smaller fetus is failing to reach its natural 
growth potential.10 Although the 10th percentile limit is 
currently used for the diagnosis of FGR, other parame-

ters have also been proposed in the distinction of FGR 
and small for gestational age (SGA).11,12 In some expert 
reports, it is desired to have one of these three criteria to 
distinguish between FGR and SGA: EFW <3rd per-
centile, uterine artery Doppler pulsatility index >95th 
percentile, and cerebro placental ratio <5th percentile.11,12 
FGR is divided into two phenotypes as characterized by 
differences in etiology, onset, fetoplacental Doppler val-
ues, relation with preeclampsia (PE), and potential for 
morbidity and mortality: early FGR (gestational age 
<32 weeks) and late FGR (gestational age ≥32 weeks).13 
Early-onset FGR is strongly associated with poor pla-
cental invasion from early pregnancy, which is thought 
to explain the common association with PE, whereas 
late-onset FGR is onset in late pregnancy and its pla-
cental findings are generally less specific.14 Ultra-
sonographic markers are mostly used in the diagnosis 
and prognosis of FGR. Ultrasonographic measure-
ments vary by device and healthcare professional, 
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thus this method is not reliable enough. There is no 
certain biochemical marker used for the diagnosis, 
prognosis, and subclassification of FGR. 

There are many studies in the literature about nu-
tritional status. Although the majority of these stud-
ies are on patients with cancer, some studies explored 
the relationship between various systemic diseases 
and nutritional status.15-17 Onodera’s prognostic nu-
tritional index (OPNI) and the controlling nutritional 
status index (CONUT) scoring systems are frequently 
used indexes. In these scores, a calculation is made 
using serum albumin, lymphocyte, and total choles-
terol values. In this study, it was aimed to investigate 
the relationship between late-onset FGR, which is 
characterized by abnormal placental perfusion, and 
maternal nutrition. What inspires this study is the 
knowledge that maternal nutritional status is effec-
tive in FGR etiology.  

 MATERIAL AND METHODS 

PATIENTS AND STuDY DESIGN 
This study was a prospective cross-sectional study on 
141 patients, which was conducted at the Medical 
Faculty of Selcuk University between October 2019 
and March 2020. Written informed consent was ob-
tained from all patients. The study was approved by 
the Selcuk University local ethics committee 
(Reg.No: 2019/293) on 30 October 2019. The study 
was performed in accordance with the principles of 
the World Medical Association Declaration of 
Helsinki Ethical Principles for Medical Research. 

Sixty-two women with late-onset FGR and 79 
control patients were included. The control group was 
randomly selected among patients who conformed to 
the inclusion criteria. The inclusion criteria were 
being aged 18-35 years, being at 32-37 gestational 
weeks, having pre-pregnancy BMI <25 kg/m2, having 
no systemic and metabolic disease, not using sub-
stances such as alcohol, cigarettes and any drugs, and 
having no gastrointestinal disease-causing malnutri-
tion.  

Patients at 32-37 weeks’ gestation who had no 
systemic disease such as PE and gestational diabetes, 
with an EFW below the 10th percentile were included 

as the late-onset FGR group. The patients were diag-
nosed after 32 weeks of gestation according to first-
trimester ultrasonographic measurements performed 
when the last menstrual period was unknown or those 
whose measurements are incompatible. Serum sam-
ples of the late-onset group were taken in the morn-
ing before breakfast. 

EvALuATION Of NuTRITIONAL SCREENING TOOLS 
The OPNI and CONUT values for each patient were 
measured in the peripheral blood within 3 days prior to 
the delivery. 

The OPNI uses serum albumin and total lympho-
cyte count, and is calculated using the following for-
mula: OPNI=10×serum albumin (g/dL)+0.005×total 
lymphocyte count (mm3). 

CONUT, with a score between 0 and 12, uses 
serum albumin, total cholesterol, and total lymphocyte 
count as indicators of protein reserves, caloric deple-
tion, and impaired immune defense, respectively. The 
CONUT score calculation is achieved in two different 
ways. In the first calculation, there are four assessments 
as normal, light, moderate, and severe.18 In the second 
calculation, the CONUT is scored as two categories, 
low and high.19 In our study, we defined the first clas-
sification as CONUT 1 score and the second classifi-
cation as CONUT 2 score. 

STATISTICAL ANALYSIS 
Statistical analysis was performed using the Statisti-
cal Package for the Social Sciences (SPSS) version 
21.0 software (IBM Corp., Armonk, NY, USA). The 
distribution of variables was tested for normality 
using histograms and the Shapiro-Wilk W-test. Para-
metric continuous data are presented as means±stan-
dard deviation, nonparametric continuous data are 
presented as medians (min-max), and categorical 
variables are expressed as numbers (percentages). 
Comparisons between the two groups with normally 
distributed variables were performed using an inde-
pendent samples t-test. The differences between the 
groups without normal distribution were compared 
with the Mann-Whitney U test, while groups with 
categorical variables were compared with the Pear-
son chi-squared test. p<0.05 was considered statisti-
cally significant. 
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 RESuLTS 
The patients’ characteristics are summarized in 
Table 1. Seventy-nine patients in the normal group 
and 62 patients in the late-onset FGR group  
were compared. Age, gravida, and parity were  
similar between the groups (p>0.05). Birth week 
was similar between the groups (p>0.05). Before 
birth and pre-pregnancy weight, height, and pre-
pregnancy BMI were significantly different be-
tween the groups (p<0.05). Before birth BMI was 
similar between the groups (p>0.05). Among the 
groups, considering the mode of delivery, the vagi-
nal delivery rate was higher in the control group 
(67.1% vs. 32.9%), and cesarean section was ob-
served more frequently in the late-onset FGR group 
(58.1% vs. 41.9%). 

The results of the comparison of hematologic, 
biochemical, OPNI and CONUT results between the 
groups are summarized in Table 2. Albumin, total 
cholesterol, lymphocyte, neutrophil, low-density 
lipoprotein cholesterol, high-density lipoprotein 
cholesterol, and triglyceride values were similar be-
tween the groups (p>0.05). Neutrophil-lymphocyte 
ratio (NLR) and OPNI values were also similar be-
tween the groups (p>0.05). We classified the 
CONUT score calculation according to two different 
cut-off values and both classifications were similar 
between the groups (p>0.05). 

 DISCuSSION 
There is no study in pregnant patients in the literature 
about OPNI and CONUT scores. These two scores 
are mostly used for the purpose of prognosis and 
long-term survival in cancer, dialysis, and critical pa-
tients.15,18,20 In our study, although before birth and 
pre-pregnancy weight, height, and pre-pregnancy 
BMI were significantly different between the groups, 
no significant difference was found between the 
NLR, OPNI, and CONUT scoring system measure-
ments and the groups. 

OPNI and CONUT scores are nutritional indi-
cators that function as a prognostic factor for many 
malignancies and other diseases. The OPNI score was 
defined in 1984 by Ondera et al. in a study of patients 
with terminal cancer.21 These scores are calculated 
using albumin, total cholesterol, and lymphocyte 
counts, and calculated by assuming that it represents 
albumin protein reserve and total cholesterol calorie 
depletion, and the total lymphocyte count represents 
an impaired immune defense. Studies on malignancy 
have often been found to reflect the clinical situation 
proper. In a study about patients with epithelial ovar-
ian cancers by Li et al., the authors found that the 
CONUT score was an independent prognostic factor 
for overall survival.20 In another study on patients 
with colorectal cancer, researchers found that the 
CONUT score was very effective in predicting prog-

Normal group Late-onset FGR group 
n=79 n=62 p value 

Age 27.8±6.2 27.0±5.9 0.449 
Gravida 2 (1-6) 2 (1-5) 0.948 
Parity 1 (0-5) 1 (0-3) 0.553 
Gestational age at delivery 37 (32-37) 37 (32-37) 0.759 
Maternal weight (pre-pregnancy) 60.5±7.2 54.9±7.3 <0.001 
Maternal weight (before birth) 74.2±6.6 69.1±4.9 <0.001 
Maternal height 165.4 ±5.5 160.7±5.2 <0.001 
Pre-pregnancy BMI 22.04±1.96 21.20±2.23 0.020 
Before birth BMI 27.07±1.78 26.76±1.67 0.285 
Mode of delivery vaginal Delivery 53 (67.1%) 26 (32.9%) 0.003 

Cesarean Delivery 26 (41.9%) 36 (58.1%)

TABLE 1:  Patient characteristics between the groups.

values are expressed as means±SD, n (%), or median (min-max); fGR: fetal growth restriction; BMI: Body mass index.
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nosis in these patients.19 Similar to the CONUT score, 
the OPNI score was found effective in determining 
prognosis in malignant diseases.22,23 In addition to 
malignancy, nutritional risk assessment has been used 
in studies on chronic diseases such as schizophrenia, 
and it has been stated that it might be meaningful.16 In 
our study, the effect of CONUT and OPNI scores on 
late-onset FGR could not be demonstrated. There 
may be several reasons for this result. Today’s preg-
nant women typically do not have serious malnutri-
tion statuses such as in cancer or chronic disease, and 
we do not question patients’ daily diets and calorie 
intake. 

Maternal malnutrition remains unacceptably a 
major problem in poor countries.24 Maternal malnu-
trition is related to an increased risk of maternal mor-
bidity and mortality, with a range of adverse 
pregnancy outcomes such as low birth weight and 
preterm delivery, which is highly associated with a 
risk of neonatal morbidity and mortality.7,24 Gener-
ally, maternal malnutrition can reduce nutrient deliv-
ery to the fetus by disrupting placental formation, 
leading to a reduction in placenta size, changes in his-

tomorphology, and reduced blood flow.25 In the ani-
mal study of Roberts et al., it was shown that mater-
nal food restriction not only decreased fetal and 
placental weights but also caused severe functional 
impairment in the placenta.26 It has been observed in 
the history that women exposed to severe malnutri-
tion, known as the Dutch Famine of 1944-45, gave 
birth to babies with small placenta and low birth 
weight.27 In embryonic and fetal development, it 
provides important contributions to macronutrients 
(vitamin A, calcium, zinc, iron, etc.) as well as mi-
cronutrients. Micronutrient deficiencies also cause 
significant morbidity and mortality.28 It has been 
shown that low weight gain and FGR are common in 
pregnant women due to malnutrition, especially in 
developing countries.9,29 In a prospective study by 
Ferdous et al., it was shown that in pregnant women 
with low BMI, fetal birth weight was below the gen-
eral population growth average.29 In our study, these 
two scoring systems were similar between the groups. 
No significant difference was found because this 
study was conducted in a country with a low number 
of severe malnutrition cases. These criteria demon-

Normal group Late onset FGR group 
n=79 n=62 p value 

Albumin (g/dL) 3.3±0.33 3.2±0.64 0.478 
Total cholesterol (mg/dL) 255.8±54.6 253.9±63.5 0.843 
Lymphocyte (×1,000/μL) 1925.1±612.7 1783±730.5 0.213 
Neutrophil (×1,000/μL) 8357.5±3.64 8928.1±4.35 0.398 
LDL (mg/dL) 137.2±38.5 140.1±43.1 0.683 
HDL (mg/dL) 64.5±13.9 63.8±10.4 0.762 
TG (mg/dL) 267.9±99.7 237±96.9 0.067 
Nutritional status 
NLR 4.0 (1.09-12.0) 5.4 (1.38-48.6) 0.145 
OPNI 32.64±3.37 32.01±6.35 0.477 
Total CONuT score 2.34±1.11 2.70±1.70 0.145 
CONuT category (1) Low CONuT 49 (60.5%) 32 (39.5%) 0.215 

High CONuT 30 (50.0%) 30 (50.0%) 
CONuT category (2) Normal 20 (50.0%) 20 (50.0%) 0.058 

Light 56 (62.2%) 34 (37.8%) 
Moderate 3 (27.3%) 8 (72.7%) 
Severe 0 0

TABLE 2:  Comparison of hematologic, biochemical, and OPNI and CONuT values between the groups.

values are expressed as means±SD, n (%), or median (min-max); OPNI: Onodera's prognostic nutrition index; CONuT: Controlling nutritional status index; fGR: fetal growth re-
striction; LDL: Low-density lipoprotein cholesterol; HDL: High-density lipoprotein cholesterol; TG: Triglyceride; NLR: Neutrophil to lymphocyte ratio.
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strate long-term malnutrition, which could be another 
explanation for our results. In addition, serum mi-
cronutrient values are not used in the scoring systems 
we use in comparison. 

Numerous physiologic changes happen in a 
mother during pregnancy in response to her increased 
metabolic needs and providing fetal nutrition. Vari-
ous hormonal and cell-mediated immunologic 
changes occur to maintain pregnancy.30 Although 
normal total leukocyte counts are higher in pregnant 
women than in non-pregnant women, the main 
change in lymphocytes is in subtype change.31 Serum 
albumin concentrations decrease during pregnancy. 
In late pregnancy, albumin levels are close to 3.0 
g/dL, whereas in non-pregnant women, it is around 
4.3 g/dL. However, the total body albumin increase is 
low compared to plasma volume increase during 
pregnancy.32 Due to insulin resistance and increased 
estrogen levels at pregnancy, concentrations of lipids, 
lipoproteins, and apolipoproteins in plasma also in-
crease significantly during pregnancy.33 Triacylglyc-
erol and cholesterol levels in total serum cholesterol, 
very-low-density lipoproteins, LDLs, and HDLs are 
increased during the third trimester compared with 
non-pregnant women.34 After delivery, the concen-
trations of these lipids, lipoproteins, and apolipopro-
teins decreases. In patients with cancer, serum 
albumin, lymphocytes, and total cholesterol levels 
tend to decrease.35 In our study, although pre-preg-
nancy weight and BMI values were low in the FGR 
patient group, these two scoring systems did not dif-
fer significantly. This may be due to the fact that al-
bumin, cholesterol, and lymphocytes behave 
differently between pregnancy and cancer, and the 
compensatory mechanisms of pregnancy make these 
parameters unusable. 

The limitation of our study is the low sample 
size that the actual beginning time of FGR is un-
known, and the cut-off values of OPNI and CONUT 
scores in pregnant women are also unknown. In ad-
dition, it is an obstacle that these scoring systems are 

not adapted to the physiologic changes that occur in 
pregnant women. The strength of this study is that 
these malnutrition scores have not been studied be-
fore in pregnant women, especially those with FGR. 

 CONCLuSION 
As a result, it has been shown that the OPNI and 
CONUT scores, which are used to predict nutritional 
status and prognosis in cancer and chronic diseases, 
are not useful in late-onset FGR. The diagnosis of 
FGR is made using ultrasonography, but evaluations 
are dependent on the performing physician. More ac-
curate methods such as biochemical parameters 
should be searched in FGR. The developments of 
new scoring systems in malnutrition that are adapted 
to changes that occur in pregnancy are needed. 
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